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ABSTRACT 

This report provides a description of the Small 
Astronomy Satellite (SAS). As one of NASA's newest 
Explorer class programs, it has the capability of 
providing at relatively low cost, much basic, previously 
unavailable information concerning low and high energy 
radiation emanating from sources both inside and outside 
of our galaxy. Sufficient information is given concerning 
its volume, weight, power, commands, telemetry and control 
system to ascertain its ability to perform specific 
astronomy experiments. Project reliability requirements 
and environmental test conditions are included in the 
appendix. 
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THE SMALL ASTRONOMY SATELLITE 
(SAS) PROGRAM 

I NTRODUCTI ON 

The o b j e c t i v e  of t h e  SAS program is  t o  s tudy  t h e  
c e l e s t i a l  sphere  above t h e  e a r t h ' s  atmosphere and t o  
sea rch  f o r  sou rces  r a d i a t i n g  i n  t h e  X-ray, Gamma-ray, 
u l t r a - v i o l e t ,  v i s i b l e ,  and i n f r a r e d  r e g i o n s  of t h e  
spectrum both i n s i d e  and o u t s i d e  of our galaxy.  Surveys 
performed from such a sma l l ,  Scout launched s a t e l l i t e  
( F r o n t i s p i e c e )  w i l l  provide va luab le  da t a  on t h e  p o s i t i o n ,  
s t r e n g t h ,  and t i m e  v a r i a t i o n  of sou rces  r a d i a t i n g  i n  these 
r e g i o n s  of t h e  spectrum and l ead  t o  t h e  s e l e c t i o n  of t h e  
more i n t e r e s t i n g  ones fo r  d e t a i l e d  s tudy  by l a t e r  miss ions  
on t h i s  or more s o p h i s t i c a t e d  s p a c e c r a f t  I t  is  a n t i c i -  
pated t h a t  one of these s a t e l l i t e s  w i l l  be launched each 
y e a r ,  w i t h  an es t imated  l i f e t i m e  of a yea r ,  u n l e s s  l i m i t e d  
by t h e  experiment sensors .  

The planned o r b i t a l  c h a r a c t e r i s t i c s  of t h e  SAS ser ies  
a r e  a nominally c i r c u l a r  300 n a u t i c a l  m i l e  (555 ki lometer )  
e q u a t o r i a l  o r b i t .  The e q u a t o r i a l  o r b i t  is h igh ly  d e s i r a b l e  
f o r  an astronomy mission because t h e  s a t e l l i t e  w i l l  m i s s  
t h e  South A t l a n t i c  anomaly where t h e  r a d i a t i o n  b e l t s  come 
f a r  down i n t o  t h e  e a r t h ' s  atmosphere (F igure  1). T h i s  
w i l l  avoid degrada t ion  of t h e  s p a c e c r a f t  ope ra t ion  and 
maintain a t  a minimum t h e  background count which can 
a f f e c t  t h e  d a t a  r e tu rned  from s e v e r a l  d i f f e r e n t  t y p e s  
of sensors  a p p l i c a b l e  t o  s a t e l l i t e  astronomy. T h i s  o r b i t ,  
w i t h  an i n c l i n a t i o n  of 2 . 9  deg rees ,  can be achieved b y  
launching f r o m  t h e  San Marco p la t form l o c a t e d  three m i l e s  
e a s t  of Kenya i n  t h e  Indian  Ocean. The maximum payload 
c a p a b i l i t y  under these c o n d i t i o n s  is 333 pounds. 

BASIC SPACECRAFT DESIGN 

The s a t e l l i t e  is designed t o  have a c l e a n  i n t e r f a c e  
between t h e  b a s i c  s p a c e c r a f t  s t r u c t u r e  and t h e  experiment 
payload (F igure  2 ) .  T h i s  is intended t o  m i n i m i z e  cos t s  
f o r  follow--on programs. The b a s i c  s p a c e c r a f t  is a 
c y l i n d e r  approximately 22 i n c h e s  i n  diameter  and 20 
i n c h e s  h igh ,  weighing about 180 pounds, The l i gh twe igh t  
c y l i n d r i c a l  s h e l l  a c t s  a s  t h e  primary suppor t  f o r  t h e  
experiment.  Four s o l a r  paddles ,  hinged t o  t h e  o u t e r  
s h ' e l l ,  provide raw power t o  t h e  s p a c e c r a f t  and experiment.  
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A t  the  t i p s  of t h e  paddles a re  the command and t e l e m e t r y  
antennas.  I n s i d e  t h e  s h e l l  (Figure 3), and t h e r m a l l y  
i s o l a t e d  from i t , is  a honeycomb deck which is i t s e l f  a 
good thermal  conductor.  On it  are t h e  s y s t e m s  t o  provide 
t h e  b a s i c  s p a c e c r a f t  func t ions :  a rechargeable  b a t t e r y  
w i t h  its charge c o n t r o l  and r e g u l a t o r  systems; command 
r e c e i v e r s  and decoders;  a 1000 b i t  per  second t e l e m e t r y  
s y s t e m  w i t h  one o r b i t  s t o r a g e  c a p a b i l i t y  on t a p e ;  and a 
magnet ica l ly  torqued commandable c o n t r o l  s y s t e m  which can 
po in t  t h e  spacecraft s t ab ly  t o  any poin t  i n  t h e  sky .  The 
e l e c t r o n i c  c i r c u i t r y  is packaged i n  "books" mounted w i t h  
t h e  n u t a t i o n  damper on t h e  underside of t h e  honeycomb 
deck. The b a t t e r y ,  t a p e  r eco rde r ,  t r a n s m i t t e r ,  command 
r e c e i v e r s ,  and r o t o r  a r e  mounted on t h e  t o p  side. 

One of t h e  design requirements  f o r  SAS was t o  be a b l e  
t o  poin t  i n  any o r i e n t a t i o n ,  t h u s  complicat ing t h e  thermal  
des ign  a s  w e l l  a s  t h a t  of t h e  power sys t em.  The s u r f a c e  
of t h e  c y l i n d e r  is t h e  only p a r t  of the s p a c e c r a f t  po r t ion  
which r a d i a t e s  the  i n t e r n a l  hea t loads  t o  space.  S ince  t h e  
experiment is i s o l a t e d  from t h e  s p a c e c r a f t  s e c t i o n  w i t h  a 
h igh  thermal  resistance, w e  w i l l  cons ide r  t h e  s p a c e c r a f t  
s e c t i o n  independent ly  of t h e  experiment s e c t i o n .  The most 
c r i t i c a l  items a r e  t h e  tape reco rde r  and t h e  b a t t e r y ,  which 
a r e  co- located f o r  e f f i c i en t  thermal  des ign ,  The j u d i c i o u s  
use of pas s ive  thermal  c o a t i n g s  and m u l t i l a y e r  i n s u l a t i o n ,  
w i t h  a small  amount of a c t i v e  thermal  c o n t r o l  i n  t h e  form 7 

of h e a t e r s ,  permi ts  opera t ion  i n  any random o r i e n t a t i o n .  
While m o s t  of t h e  s p a c e c r a f t  components can be opera ted  
s a t i s f a c t o r i a l l y  from -2OOC t o  +70OC, t h e  b a t t e r y  p r e f e r s  
an environment between Oo and +3OoC. A s e p a r a t e  a r r a y  of 
s o l a r  cel ls  on t h e  base  of t h e  s p a c e c r a f t  provides  h e a t e r  
power f o r  t h e  experiment i n  t h e  worst  ca se  co ld  condi t ion .  

POWER SUBSYSTEM 

The power s y s t e m  c o n s i s t s  of f o u r  paddles  w i t h  s o l a r  
ce l l s  on both s i d e s ;  a 6-ampere-hour 8-cell n i c k e l  cadmium 
b a t t e r y ;  and a shunt r e g u l a t o r .  S t i l l  assuming a random 
o r i e n t a t i o n ,  t h e  power s y s t e m  must guarantee 27 w a t t s  
average power over t h e  e n t i r e  o r b i t ,  both n ight t ime and 
d a y l i g h t  po r t ions .  T h i s  is p a r t i c u l a r l y  important  t o  
astronomy experiments ,  which f r e q u e n t l y  ge t  their  m o s t  
u s e f u l  d a t a  a t  n i g h t ,  when s c a t t e r e d  s u n l i g h t  cannot  
in terfere  w i t h  t h e  sensors .  The b a s i c  s p a c e c r a f t  f u n c t i o n s  
r e q u i r e  1 7 ' w a t t s  average power, a l lowing 10 w a t t s  f o r  t h e  
experiment.  From Figure 4 you can see t h e  v a r i a t i o n  i n  
a v a i l a b l e  power a s  a func t ion  of sun angle .  T o t a l  power 
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i n c l u d e s  o p e r a t i o n a l  needs p l u s  enough a d d i t i o n a l  power 
t o  charge t h e  b a t t e r y  t o  provide t h e  same amount of power 
through t h e  n igh t t ime  p o r t i o n  of the  o r b i t .  

A block diagram of t h e  power subsystem is shown i n  
F igure  5. The so la r  c e l l  a r r a y  is connected i n t o  t w o  
s e p a r a t e  s e c t i o n s ,  t h e  main a r r a y  and an a u x i l i a r y  a r r a y .  
The a u x i l i a r y  a r r a y  is used t o  provide redundant power 
f o r  t h e  command subsystem and t o  t r i c k l e  charge t h e  
b a t t e r y  i f  it has  been removed from t h e  main bus by t h e  
low v o l t a g e  sens ing  s w i t c h .  

The s i x  ampere-hour n i c k e l  cadmium b a t t e r y  is pro- 
tected by  t w o  redundant charge  c o n t r o l  dev ices ,  a coul-  
ometer and a n  enhanced zene r .  The coulometer s enses  t h e  
t o t a l  energy taken  from and r e t u r n e d  t o  t h e  b a t t e r y  by  
i n t e g r a t i n g  t h e  v o l t a g e  developed a c r o s s  t he  b a t t e r y  
t e l e m e t r y  r e s i s t o r .  When t h e  energy which was taken  
from t h e  b a t t e r y  on d i scha rge  has  been r e t u r n e d ,  t h e  
coulometer w i l l  reduce t h e  b a t t e r y  charge c u r r e n t  t o  a 
?*safe" ,  p r e s e t  t r i c k l e  charge l e v e l  by  shun t ing  t h e  
remainder.  T h i s  unwanted c u r r e n t  is shunted i n t e r n a l l y  
i f  t h e  b a t t e r y  is  co ld ,  or e x t e r n a l l y  i f  t h e  b a t t e r y  is 
h o t .  The enhanced zener is a vo l t age  l i m i t e r ,  When t h e  
ba t t e ry  v o l t a g e  r eaches  a preset l e v e l ,  t h e  enhanced zener 
w i l l  a c t u a t e  a shun t ,  dec reas ing  t h e  b a t t e r y  charge 
c u r r e n t .  Thus t h e  b a t t e r y  charge c u r r e n t  w i l l  be reduced 
t o  a l e v e l  which w i l l  cause  t h e  b a t t e r y  vo l t age  t o  be 
equa l  t o  t h e  enhanced zener l i m i t  v o l t a g e .  A s  w i t h  t h e  
coulometer,  t h e  shunted c u r r e n t  may be d i s s i p a t e d  i n t e r -  
n a l l y  depending on b a t t e r y  temperature .  The power sub- 
s y s t e m  w i l l  normally be opera ted  w i t h  bo th  t h e  coulometer 
and t h e  enhanced zener .  However, it can ope ra t e  w i t h  
ei ther one a lone .  

The l o w  v o l t a g e  sens ing  s w i t c h  cont inuous ly  monitors  
t h e  vo l t age  of t h e  main bus.  If it drops  below 8.8 v o l t s  
(normal v o l t a g e  is 10.7 v . ) ,  power is switched from t h e  
main c o n v e r t e r s  and t h e  b a t t e r y  i n  order t o  protect them 
from damage due t o  p o s s i b l e  shorted loads ,  I n  t h i s  " s o l a r  
only" mode, t h e  b a t t e r y  w i l l  be t r i ck le  charged by  t h e  
a u x i l i a r y  a r r a y ,  w h i l e  t he  only loads  on t h e  main a r r a y  
a r e  t h e  dua l  command s y s t e m s  and t h e  h e a t e r  c i r c u i t s .  Each 
c i r c u i t  can be switched out  b y  command i f  i t  becomes 
d e f e c t i v e .  
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COMMAND SUBSYSTEM 

SAS employs t h e  NASA s t anda rd  PCM command s y s t e m .  
The s p a c e c r a f t  c a r r i e s  d u a l  redundant r e c e i v e r s  and 
decoders. The redundancy c o n t i n u e s  through the  r e l a y  
c o i l s  themselves ,  b u t  a s i n g l e  set of c o n t a c t s  is used.  
F igure  6 shows t h e  command s y s t e m  i n  block diagram form. 
Independent d i p o l e  an tennas  a r e  mounted on t h e  t i p s  of 
t w o  a d j a c e n t  s o l a r  paddles .  The command s i g n a l ,  a pu l se  
code modulated, f requency s h i f t  keyed, ampli tude modulated 
(PCM/FSK-AM/AM) s i g n a l ,  is demodulated by e i the r  or both 
command r e c e i v e r s  and appea r s  a t  t h e  v ideo  ou tpu t .  B i t  
synchron iza t ion  is ob ta ined  f r o m , a  s i g n a l  t h a t  h a s  been 
amplitude-modulated onto t h e  d a t a  s u b c a r r i e r .  The v ideo  
s i g n a l  is s e n t  t o  a command decoder ,  which tests t h e  t o n e s  
f o r  a u t h e n t i c i t y  by  examining t iming  and f r e q u e n c i e s .  I f  
t h e  t o n e s  a r e  proper ,  t h e  decoder c o n v e r t s  t h e  t o n e s  t o  
d i g i t a l  l e v e l s  and sends  t h e  l e v e l s  and a p p r o p r i a t e l y  
t imed  c l o c k i n g  p u l s e s  t o  t h e  l o g i c  c i r c u i t r y .  The decoder 
a l s o  a p p l i e s  power t o  t h e  s tandby p o r t i o n s  of t h e  l o g i c ,  
beginning  w i t h  t h e  f irst  c o r r e c t l y  r ece ived  tone  b u r s t  
and remaining on long  enough t o  complete t h e  command. 
The l o g i c  c i r c u i t r y  accumulates  t h e  decoded l e v e l s  i n  a 
s h i f t  r e g i s t e r  and, if t h e  s a t e l l i t e  a d d r e s s  b i t s  a r e  
p rope r ,  i t  a c t i v a t e s  t h e  proper  row and column of t h e  
r e l a y  swi t ch ing  m a t r i x  t o  swi t ch  t h e  desired r e l a y  or 
r e l a y  c l u s t e r .  

The redundant  i n t e r c o n n e c t i o n s  show t h a t  o n l y  one 
r e c e i v e r ,  one command log ic ,  and one r e l a y  swi t ch ing  
m a t r i x  need be o p e r a t i n g  t o  send commands, One b i t  i n  
t h e  command word (F igure  7) a d d r e s s e s  t h e  p a r t i c u l a r  
l o g i c  c i r c u i t  and one b i t  t h e  p a r t i c u l a r  r e l a y  swi tch ing  
c i r c u i t  t o  be used,  so  t h a t  only one l o g i c  and one m a t r i x  
a r e  a c t i v a t e d  d u r i n g  any given command. Each ha l f  s y s t e m  
h a s  its own power c o n v e r t e r .  The s y s t e m ' s  magnetic l a t c h -  
i n g  r e l a y s  have t w o  c o i l s  pe r  r e l a y ,  one f o r  each s y s t e m  
h a l f ,  and consume power o n l y  du r ing  a command. The 
d i r e c t i o n  of c u r r e n t  f low i n  any given r e l a y  c o i l  deter- 
mines t h e  s t a t e  i n  which t h e  r e l a y  w i l l  l a t c h .  Because 
of these d u a l  c o i l s ,  a c t u a l l y  l o c a t e d  i n  t h e  r e l a y  s w i t c h -  
i n g  m a t r i x ,  t h e  s y s t e m ' s  redundancy c o n t i n u e s  up t o  t h e  
magnetic f l u x  c i r c u i t  i n  t h e  r e l a y  pole  p i e c e ,  and no 
s i n g l e  r e l a y  c o i l  open or short  can d i s a b l e  t h e  s y s t e m .  

The command s y s t e m  provides  SAS w i t h  35 on-off r e l a y  
commands, 25 f o r  t h e  s p a c e c r a f t  and 10 f o r  t h e  experiment.  
I n  a d d i t i o n ,  i f  b i t  25 i n  t h e  command word s p e c i f i e s  a 
"data  command" i n s t e a d  of a " r e l ay  command", t h e n  b i t s  33 
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through 56 a r e  rou ted ,  a s  s p e c i f i e d  by b i t s  27 through 32, 
t o  a l o c a t i o n  o t h e r  than t h e  r e l a y  mat r ix  for  s e p a r a t e  
decoding. This  p e r m i t s  an experimenter  t o  inc rease  
a l l o c a t i o n  of 10 on-off commands by decoding up t o  2 
w i t h i n  t h e  experiment.  

BS 

TELEMETRY SUBSYSTEM 

Due t o  t h e  low e q u a t o r i a l  o r b i t  chosen f o r  SAS, t h e  
s p a c e c r a f t  can be s e e n  r e g u l a r l y  by only one of NASA's 
S a t e l l i t e  Tracking and Data Acquis i t ion  Network (STADAN) 
s t a t i o n s .  For t h i s  reason ,  t h e  s p a c e c r a f t  t e l e m e t r y  sub- 
s y s t e m  (Figure 8) must inc lude  on-board s to rage  of t h e  
da ta  c o l l e c t e d  dur ing  t h e  remaining 90% of t h e  o r b i t .  
Therefore ,  t h e  pulse  code modulated/phase modulated (PCM/ 
PM) t e l e m e t r y  s y s t e m  h a s  two b a s i c  modes of opera t ion  - 
record and playback. I n  t h e  normal, or record  mode, 
d i g i t a l  da t a  from va r ious  sources  a r e  mult iplexed and 
s e n t  t o  be s t o r e d  s e r i a l l y  i n  Manchester Code on an end- 
l e s s  loop tape  recorder  and t o  phase-modulate a VHF t r a n s -  
mit ter .  T h i s  cont inuous ou tpu t ,  r a d i a t e d  through a turn-  
s t i l e  antenna a t  t h e  t i p  of one of t h e  s o l a r  paddles,  is 
used a s  a beacon f o r  t r a c k i n g  t h e  s a t e l l i t e  and f o r  t h e  
c o l l e c t i o n  of rea l - t ime d a t a .  A s  t h e  s a t e l l i t e  passes  
over i t s  da ta  a c q u i s i t i o n  s t a t i o n ,  however, t h e  t ape  
r eco rde r  is commanded i n t o  playback mode and t h e  da t a  - 
from t h e  f u l l  96 minute o r b i t  phase-modulates t h e  same 
t r a n s m i t t e r  w i t h  a 30 kbps s i g n a l .  Simultaneously,  t h e  
t r a n s m i t t e r  is switched i n t o  its high power (2 wat t )  mode. 
The t a p e  r eco rde r  and t h e  t r a n s m i t t e r  au tomat ica l ly  r e t u r n  
t o  t h e  record  mode of opera t ion  a f t e r  completion of t h e  
3 .4  minute playback c y c l e ,  or upon ground command. I n  a 
s p e c i a l  ope ra t ing  mode, rea l - t ime da ta  can be t r ansmi t t ed  
a t  2 w a t t s .  This  system meets t h e  requirements  of t h e  
NASA/GSFC Aerospace Data Systems Standards f o r  PCM tele-  
m e t r y  s y s t e m s .  
r e a l t i m e  bandwidth a l l o c a t i o n  of +15kHz and a t a p e  r eco rde r  
playback a l l o c a t i o n  of k45kHz. Linear  phase f i l t e r s ,  
having t h e i r  3 db p o i n t s  a t  lkHz and 30kHz r e s p e c t i v e l y  
f o r  record  and playback mode, a r e  used f o r  premodulation 
f i l t e r i n g .  

Phase d e v i a t i o n  is 264' peak, w i t h  a 

The 1000 bps rea l - t ime da ta  r a t e  was determined by 
opt imiz ing  experimenter  and housekeeping da ta  requirements  
w i t h  a reasonable  l eng th  of t ape  (300 f e e t )  and a reason- 
ab ly  conse rva t ive  b i t  packing d e n s i t y  f o r  s i n g l e  t r a c k  
record ing  (1667 b i t s  per  i n c h ) .  The t a p e  r eco rde r ,  of 
f l igh t -proven  e n d l e s s  loop des ign ,  weighs only 7 pounds 
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and r e q u i r e s  1 . 5  w a t t s  i n  record  mode and 3.0 w a t t s  i n  
playback mode. Wow and f l u t t e r  w i l l  be kept  below 2% 
peak-to-peak, w i t h  j i t t e r  below 3% peak-to-peak. Commands 
w i l l  bypass  t h e  output  r ec lock ing  c i r c u i t r y  and ene rg ize  
t h e  e r a s e  head, a s  w e l l  a s  provide t h e  obvious record/  
playback and on/off c o n t r o l .  D i g i t a l  da t a  record ing  was 
s e l e c t e d  f o r  i ts  b e t t e r  s igna l - to-noise  p r o p e r t i e s  and 
t h e  f a c t  t h a t  t h e  d a t a  could be provided t o  t h e  t e l e m e t r y  
s y s t e m  most e a s i l y  i n  d i g i t a l  iorm. 

The b a s i c  format is shown i n  Figure 9. The minor 
frame is composed of 32 words, each having three 8 - b i t  
s y l l a b l e s ,  which permi ts  easy handl ing of 8 ,  16,  or 24 
b i t  da t a  words. Of these 96 s y l l a b l e s ,  t h e  f i r s t  three 
a r e  a l l o c a t e d  t o  frame synchroniza t ion .  The frame syn-  
ch ron iza t ion  word used is t h e  optimum 24 b i t  code word 
determined by Maury and Styles1,  111110101111001100100000. 
One s y l l a b l e  is a l l o c a t e d  t o  frame i d e n t i f i c a t i o n ,  t h r e e  
t o  64 p o s i t i o n  analog subcommutators, two t o  d i g i t a l  sub- 
commutators, one f o r  a p a r i t y  word and t h e  remaining 86 
f o r  d a t a .  The per iod  of t h e  minor frame is  0.768 second 
and, f o r  t h e  major frame, 64 t imes  t h a t  or 49.152 seconds.  
The b a s i c  t iming  source f o r  t h e  s y s t e m  is  a temperature-  
compensated 1.024MHz c r y s t a l  o s c i l l a t o r ,  whose frequency 
v a r i a t i o n  is less than one p a r t  i n  106 pe r  o r b i t .  
s e r v e s  a s  t h e  source f o r  a l l  readout  g a t e s ,  c lock  s i g n a l s  
t o  c o n t r o l  t h e  mul t ip lex ing  of s p a c e c r a f t  and experiment 
d a t a ,  motor d r i v e  f r equenc ie s  f o r  t h e  t a p e  recorder  and 
r o t o r ,  and pu l ses  f o r  t h e  20 b i t  accumulator which is 
incremented by t h e  minor frame i d e n t i f i e r  every major 
frame, and sampled every e i g h t  minor frames. Unambiguous 
t i m e  c o r r e l a t i o n  fo r  about 20 months is provided. 

I t  

While most of t h e  da t a  o r i g i n a t e s  i n  d i g i t a l  form, 
many of t h e  housekeeping f u n c t i o n s  a r e  ana log  and must be 
converted . A dua 1-s lope i n t e g r a  t i n g  ana log- t o -d ig i t  a 1 
conver t e r ,  a c c u r a t e  t o  8 b i t s ,  i s  used f o r  t h i s  purpose.  
I t  is clocked a t  l6kHz and has  an a p e r t u r e  of 8 m s .  While 
i ts normal i n p u t s  a r e  0 t o  250mv, t h e  t e l e m e t r y  s y s t e m  can 
provide a v a r i e t y  of a t t e n u a t o r s  so  t h a t  s i g n a l  l e v e l s  of 
2 0 . 5 ,  k l . 2 5 ,  ~ 2 . 5 ,  25 .0 ,  or ~ 7 . 5  v o l t s  can be accepted.  
An a d d i t i o n a l  f e a t u r e  of t h e  ana log  subcommutators is t h a t  
i t  is  p o s s i b l e  t o  command either of them t o  s t o p  and 
sample cont inuous ly ,  a t  t h e  minor frame r a t e  of 0.768 

1 Jesse L. Maury, Jr. and Freder ick  J. Styles ,  "Development 
of Optimum Frame Synchronizat ion Codes f o r  Goddard Space 
F l i g h t  Center  PCM Telemetry Standards",  NTC'64 Proceedings 
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second, any one of i ts  64 p o s i t i o n s .  Af te r  r e c e i v i n g  the 
RUN command a g a i n ,  i t  w i l l  au tomat i ca l ly  resynchronize  
i t se l f  a t  t h e  beginning of t h e  next  major frame. 

One of t h e  d i g i t a l  subcommutators h a s  16 channels .  
Twelve of t h e  channels  accep t  $ -b i t  p a r a l l e l  d a t a  while  
t h e  other  f o u r  accept  $ -b i t  s e r i a l  d a t a .  The second 
d i g i t a l  subcommutator has  8 channels ,  each of which 
a c c e p t s  $-bi t  s e r i a l  d a t a .  These d i g i t a l  subcommu.tators 
provide u s  w i t h  command v e r i f i c a t i o n ,  t h e  unambiguous 
t i m e  code, a m o n i t o r  of t h e  r o t o r  speed, and t i m e  c o r r e l a -  
t i o n  t o  24 m s  f o r  t h e  d i g i t a l  s o l a r  a s p e c t  sensor d a t a .  

T h i s  t e l e m e t r y  s y s t e m  is less than  0 . 2  cubic  foo t ,  
weighs 14 pounds, and consumes 4.5 w a t t s .  I t  is b u i l t  i n  
modular form f o r  easy expansion, and t h e  d e s i g n  is such 
t h a t  t h e  p re sen t  hard-wired format could be rep laced  by 
an i n - f l i g h t  programmable u n i t  i f  these requirements  occur 
i n  t h e  f u t u r e .  

CONTROL SUBSYSTEM 

The m o s t  unique f e a t u r e  of t h e  Small Astronomy 
S a t e l l i t e  is  its con t ro l  s y s t e m .  An evo lu t iona ry  s y s t e m  
is p l a n n e d  which w i l l  p e r m i t  t h e  p re sen t  scanning s y s t e m  
t o  progress t o  an accu ra t e ly -po in ted ,  three a x i s  s t a b i l i z e d  
s p a c e c r a f t ,  a m o s t  va luab le  t o o l  i n  astronomy. 

F i r s t ,  a look a t  t h e  b a s i c  con t ro l  s y s t e m .  The p r ime  
c o n t r a c t o r  f o r  SAS, t h e  Applied Phys ic s  Laboratory of t h e  
J o h n s  Hopkins U n i v e r s i t y ,  has  a wel l - e s t ab l i shed  r epu ta -  
t i o n  i n  t h e  f i e l d  of magnetic con t ro l .  An obvious advan- 
t a g e  of t h e  use of t h e  e a r t h ' s  magnetic f i e l d  f o r  t o rqu ing  
near -ear th  s a t e l l i t e s  is t h e  e l i m i n a t i o n  of t h e  need f o r  
expendables,  and t h e i r  i n h e r e n t  l i f e  l i m i t a t i o n s .  

Experiments can look a long  t h e  Z-axis of t h e  SAS 
s p a c e c r a f t  or perpendicular  t o  i t .  If one  is looking ou t  
perpendicular  t o  t h e  Z-axis, and t h e  s p a c e c r a f t  is r o t a t e d  
s lowly about t h e  Z-axis, t h e n  a swath is swept ou t  of t h e  
c e l e s t i a l  sphere .  The vec to r  made by t h e  Z-axis i n  space 
can be moved, and ano the r  swath swept,  Thus, u l t i m a t e l y ,  
t h e  e n t i r e  c e l e s t i a l  sphere  can be scanned. 

wobbles, bu t  d a t a  r e d u c t i o n  can be made much e a s i e r  i f  it 
is s t a b l e .  One way of achiev ing  s t a b i l i t y  is by sp inn ing  
t h e  s p a c e c r a f t .  T h i s  is  q u i t e  s a t i s f a c t o r y  for many 
experiments  looking a long  t h e  Z-axis. However, a h i g h  

T h i s  sweeping technique  is v a l i d  even i f  t h e  Z-axis 
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s p i n  r a t e  w i l l  reduce t h e  e f f e c t i v e  t ime-on-target f o r  
perpendicular - looking  experiments  and ,  consequent ly ,  t h e  
s igna l - to-noise  r a t i o  of t h e  c e l e s t i a l  sou rces .  An a l t e r -  
n a t i v e  method of adding the r e q u i r e d  angu la r  momentum 
a long  t h e  Z-axis is t o  inc lude  a momentum wheel whose 
a x i s  is p a r a l l e l  t o  t h e  Z-axis,  

F igure  10 shows t h e  v a r i o u s  components of t h e  c o n t r o l  
s y s t e m .  
by e n e r g i z i n g  a t o r q u i n g  c o i l .  T h i s  e lec t romagnet ,  a c t i n g  
l i k e  a compass need le ,  a t t e m p t s  t o  a l i g n  t h e  s p a c e c r a f t  
w i t h  t h e  e a r t h ' s  magnetic f i e l d .  A t  t h e  maximum r a t e ,  
u s i n g  a magnetic d i p o l e  of 5 X l o 4  pole-cent imeters ,  it 
is  p o s s i b l e  t o  move t h e  Z-axis of t h e  s p a c e c r a f t  1 .72 
degrees per  minute.  

C o n t r o l l i n g  t h e  Z-axis o r i e n t a t i o n  is accomplished 

Figure  11 shows how a maneuver might be performed t o  
po in t  t h e  Z-axis t o  a new d i r e c t i o n  a s  reques ted  by an 
exper imenter ,  Th i s  p a r t i c u l a r  sequence is designed t o  
r e s u l t  i n  no change i n  r i g h t  a scens ion ,  bu t  only i n  de- 
c l i n a t i o n .  I n  normal o p e r a t i o n  a combined motion i n  both  
r i g h t  a scens ion  and d e c l i n a t i o n  w i l l  be accomplished w i t h  
t h e  a i d  of a computer. The computer must store t h e  v a l u e s  
of t h e  e a r t h ' s  magnetic f i e l d  i n  each p r e d i c t e d  s a t e l l i t e  
p o s i t i o n .  Knowing t h i s ,  t h e  d i p o l e  moment of t h e  s a t e l l i t e ,  
and t h e  desired change of p o s i t i o n ,  t h e  computer w i l l  de- 
t e r m i n e  a t  what po in t  i n  t h e  o r b i t  t h e  t o r q u i n g  c o i l  is t o  
be tu rned  on and f o r  how long. Time d e l a y s  of up t o  an 
hour a r e  a v a i l a b l e  i n  t h e  s a t e l l i t e  s o  t h a t  t h e  maneuver 
can  begin a t  t h e  optimum t i m e  i n  t h e  o r b i t ,  n o t  j u s t  over 
t h e  command s t a t i o n .  Time increments  for t h i s  delayed 
maneuver a r e  2 .5  minutes ,  both for t h e  de l ay  and f o r  t h e  
maneuvering per iod .  F i n e r  con t ro l  can be obta ined  b y  
t u r n i n g  t h e  t o r q u i n g  command on and o f f  w h i l e  w i t h i n  s i g h t  
of t h e  s t a t i o n .  Once t h e  p o s i t i o n  is achieved ,  i t  is he ld  
p r i m a r i l y  due t o  t h e  momentum genera ted  by t h e  r o t o r ,  
(F igure  1 2 ) ,  which is 2 .12  X lo7 gm-cm2/sec. D r i f t i n g  
from t h i s  p o s i t i o n  is caused by g r a v i t y  g r a d i e n t ,  aerody- 
namic, and magnetic t o r q u e s ,  t h e  l a t t e r  r e s u l t i n g  from 
uncompensated d i p o l e s .  The t o t a l  of these d r i f t  r a t e s  
should n o t  exceed 5 degrees  pe r  day on t h e  average .  To 
guarantee  t h a t  t h e  r e s i d u a l  magnetism of t h e  s p a c e c r a f t  is 
minimized, it is  provided w i t h  a degaussing c o i l  and a 
chargeable  t r i m  magnet s y s t e m  t o  compensate i n  o r b i t  f o r  
r e s i d u a l  magnetism a long  each a x i s .  I t  is p o s s i b l e  t o  use  
t h i s  s y s t e m  t o  produce a s p e c i f i c  d i p o l e  moment fo r  con- 
t r o l l e d  s p i n  a x i s  d r i f t .  
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The n u t a t i o n  damper is  used t o  d i s s i p a t e  t h e  l a t e r a l  
components of s a t e l l i t e  angu la r  v e l o c i t y  c r e a t e d  by t h e  
magnetic t o rqu ing .  I t  c o n s i s t s  (F igure  13) of a t o r s i o n  
w i r e  suspended arm wi th  an  end mass and a copper damping 
vane. I f  n u t a t i o n s  occur ,  t h e  arm o s c i l l a t e s  caus ing  t h e  
copper vane t o  swing back and f o r t h  through t h e  gap i n  a 
permanent magnet, t h u s  inducing eddy c u r r e n t s  i n  t h e  copper 
vane, With t h e  rotor  on, t h e  r e s i d u a l  n u t a t i o n  should be 
less than  0 . 2  degree ;  w i t h  t h e  r o t o r  o f f ,  i t  may be a few 
degrees .  The motion of t h e  n u t a t i o n  damper, d e t e c t e d  
o p t i c a l l y  by a coded d i g i t a l  mask mounted on t h e  movable 
arm, is te lemetered  every 8 seconds v i a  a 7 b i t  b ina ry  
word. 

The s p i n  r a t e  c o n t r o l  s y s t e m  is shown i n  F igure  14. 
S i g n a l s  sensed by t h e  X- and Y-axis magnetometers a r e  
ampl i f i ed  and a p p l i e d  i n  quadra tu re  t o  t h e  Y- and X-axis 
c o i l s .  This  s y s t e m ,  i n  conjunct ion  w i t h  t h e  e a r t h ' s  
magnetic f i e l d ,  o p e r a t e s  e s s e n t i a l l y  a s  a motor t o  
i n c r e a s e  or decrease  t h e  speed of r o t a t i o n  about t h e  
Z-axis. The maximum r a t e  of change of s p i n  r a t e  is 10 
rpm per  day. 

T h i s  summarizes t h e  b a s i c  SAS c o n t r o l  s y s t e m  w i t h  
which many astronomy experiments  can be performed w e l l .  
I t  is i d e a l l y  s u i t e d  f o r  sky  surveys  when used i n  conjunc- 
t i o n  w i t h  a good a t t i t u d e  de te rmina t ion  s y s t e m .  Data 
telemetered from t h e  magnetometers and a d i g i t a l  sun senso r  
on  board t h e  s p a c e c r a f t  can be used t o  determine a t t i t u d e  
t o  +5O or b e t t e r .  

EXPERIMENTS AND FUTURE DEVELOPMENT 

On SAS-A, t h e  p r i n c i p a l  i n v e s t i g a t o r ,  D r .  Riccardo 
Giacconi of American Science and Engineer ing,  I n c . ,  is 
f l y i n g  s t a r  and sun sensors a c c u r a t e l y  a l i g n e d  w i t h  t h e  
experiment X-ray c o l l i m a t o r s  so  t h a t  a t t i t u d e  may be 
de te rmined  t o  a minute of a r c .  T h i s  experiment w i l l  pro- 
v i d e  u s  w i t h  an a c c u r a t e  map of X-ray sources  throughout 
t h e  c e l e s t i a l  sphere .  A f t e r  such a survey which w i l l  
d e t e r m i n e  source  s t r e n g t h ,  p o s i t i o n ,  and s p e c t r a l  compo- 
s i t i o n ,  i t  is obvious tha.t  l a t e r  X-ray experiments  w i l l  
r e q u i r e  more a c c u r a t e  p o i n t i n g  c a p a b i l i t y  f o r  d e t a i l e d  
s tudy  of i n d i v i d u a l  sou rces .  The SAS des ign  permi ts  
b u i l d i n g  on t h i s  b a s i c  c o n t r o l  s y s t e m  by adding a s t a r  
t r a c k e r  or s t a r  camera system, fo provide three a x i s  s t a -  
b i l i z a t i o n  t o  hold t h e  a t t i t u d e  of t h e  s a t e l l i t e  t o  one 

21  



a 
W 

LL 
0 

W o 
QL 
3 
0 

U 
0 
I- o 
W 
I- J m 
w a I -  
n I - I  - 
I - a c 3  - - 
I n  J c3 - 
J 

7 
0 

\ 5  
W =  

a 7 

> 
QL 
W ~ 

Q a. 
0 o 



x 6 

I 
T ar 

w 
I- w z 
0 
I- 
w a r  
z O  
az 
= w  xv)  

x 

A 

0 
0 
v) 
X 

- 

- 
a 
x 

I 

T 
23 



minute of a r c  or b e t t e r .  Th i s  would permit u s e f u l  expe r i -  
ments i n  t h e  UV and I R  r e g i o n s  of t h e  spectrum a s  w e l l .  

Rough p o s i t i o n i n g  of t h e  s p a c e c r a f t  would be accom- 
p l i s h e d  by t h e  b a s i c  con t ro l  system a s  desc r ibed  above, and 
t h e  exac t  a t t i t u d e  determined by ground computer. Then, 
for  example, a program could be t r a n s m i t t e d  for s t o r a g e  
i n  t h e  s p a c e c r a f t  d e f i n i n g  a p a t t e r n  t h a t  t h e  s t a r  camera 
should see and f i n e  to rqu ing  would be used t o  f i n d  and 
main ta in  t h e  proper  p o s i t i o n .  Two sets of o p t i c s  w i t h  
about loo  f i e l d s  of view loca ted  a t  90° t o  each other  
could permit t h r e e - a x i s  a t t i t u d e  d e t e c t i o n  t o  a r e s o l u t i o n  
of 10 seconds of a r c ,  and c o n t r o l  t o  1 minute of a r c .  
Error s i g n a l s  would c o n t r o l  t h e  speed of t h e  b a s i c  ro tor  
whose excess  momentum would be dumped i n t o  t h e  e a r t h ' s  
magnetic f i e l d  - a g a i n ,  no  expendables ,  Small gyros or 
a w o r m  gear  t i l t i n g  mechanism would be s u i t a b l e  for f i n e  
c o n t r o l  of t h e  X- and Y-axes. A s y s t e m  of t h i s  gene ra l  
t ype  is planned f o r  SAS-C and l a t e r  f l i g h t s .  SAS-B w i l l  
be a s k y  survey of Gamma.-Ray sources ,  w i t h  Dr. C a r l  F i c h t e l  
of t h e  Goddard Space F l i g h t  Center  a s  p r i n c i p a l  i n v e s t i -  
g a t o r .  The b a s i c  c o n t r o l  s y s t e m  is adequate  f o r  SAS-B a s  
t h e  Gamma Ray Spark Chamber h a s  a 45O f i e l d  of view and 
does not  r e q u i r e  very  f i n e  po in t ing .  
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SUMMARY OF SAS CHARACTERISTICS 

LAUNCH VEHICLE 

Scout wi th  FW-4 f o u r t h  s t a g e  

ORBIT 

A l t i t u d e :  300 n .  m i .  (555 km) - +40 n .  m i .  (74 km) 

I n c l i n a t i o n :  2.9O +0.15O (one sigma) 
Pe r iod  : 95.8 m i n u t e s  
E c c e n t r i c i t y :  0.008 

(one sigma) 

SIZE 

S p a c e c r a f t :  Shape - Cylinder  
Diameter - 22" 
Height - approx. 20" 
Volume - approx. 4 . 4  cu .  f t .  
Shape - Cyl inder  topped by t r u n c a t e d  

Base d iameter  - 30" 
Height of c y l i n d r i c a l  p o r t i o n  - approx. 

14" or 29" 
Height of t r u n c a t e d  cone - 15.2" 
Top d iameter  - 17.7" 
Volume - approx. 6 . 4  cu .  f t .  or 12 .5  cu .  

Experiment: 
cone (See F ig .  1 5 ) .  

f t .  ( f o r  t h e  "pointed SAS" about 
1 cu. f t .  must be made a v a i l a b l e  
from t h e  experiment volume) 

WEIGHT 

Spacec ra f t :  180 pounds 

Experiment: 150 pounds - must have low C.G. - See 
Figure  16. 
(130 pounds on "pointed SAS") 

CONTINUOUS AVERAGE POWER 

Spacec ra f t :  17 w a t t s  
Experiment: 10 w a t t s  ( 9  w a t t s  on "pointed SAS") 
Voltage:  +10.7 v . d . c .  -15% +lo% 

Ground: Three-wire s y s t e m  - s e p a r a t e  c h a s s i s ,  s i g n a l  
and power grounds 
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TELEMETRY 

Type: PCM s p l i t  phase 
Real Time and Record Rate:  1000 b i t s  per second f o r  

96 minutes ( inc ludes  experiment and housekeeping 
d a t a )  
Note: 16,000 b i t s  a t  500 kbps or less could be 

accepted ins tan taneous ly  i n t o  a b u f f e r  f o r  
readout  on to  t a p e  a t  1OOO.bps. 

Storage Method: 
Capaci ty:  5 . 4  x 10 b i t s  
Playback Rate:  30 kbps f o r  3.4 minutes  
Transmi t te r :  136 MHz (90 kHz bandwidth) 
Encoder: 8 b i t  ana log  t o  d i g i t a l  conver te r  w i l l  

up t o  1 c p s  
Input  S igna l  Levels:  

En less loop t a p e  r eco rde r  8 

provide b e t t e r  than  1.0% accuracy f o r  s i g n a l s  

Analog: - +7.5v.,  +5.0v.,  &2.5v., +1.25v.,  or 

D i g i t a l :  +4v. f o r  a ?lllt and +0.3v. f o r  a 
- +0.5v. w i t h  source impedance of Skohms. 

i n t o  a s tandard  LPDT L P 
TRACKING 

Mini t rack 
O r b i t a l  Accuracy: 10 km 

COMMANDS 

NASA STADAN PCM System 
Spacec ra f t :  50 commands (25 "on" and 25 "o f f f f  commands) 
Experiment: 20 commands (10 "on'? and 10 l v o f f f T  commands" 

(can be extended up t o  224 by us ing  l o g i c  
i n t e r n a l  t o  t h e  experiment) 

CONTROL SYSTEM 

Basic  System: 
P o s i t i o n i n g  of 2 Axis - <lo r e l a t i v e  t o  known p o s i t i o n  
Average D r i f t  of Z Axis - 0.2 arc-min. per  minute (5  

degree s/da y ) 
Spin Rate - 0-60 rpm 
A t t i t u d e  Measurement - f 3 O  ( i f  g r e a t e r  accuracy is 

needed, a d d i t i o n a l  s enso r s  may be provided by 
t h e  s p a c e c r a f t  or a s  p a r t  of t h e  experiment) 

Pointed SAS: 
Three-axis  s t a b i l i z a t i o n  t o  1 arc-minute 
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ENVIRONMENT 

Temperature Range: -2OOC t o  +5OoC 

Humidity: Must su rv ive  c o n d i t i o n s  of 100% humidity 
Vibra t ion :  Table I g i v e s  t h e  q u a l i f i c a t i o n  l e v e l  

v i b r a t i o n  s p e c i f i c a t i o n s  a t  t h e  spacec ra f t -  
experiment i n t e r f a c e .  These a r e  der ived  from 
d a t a  from the  Scout v e h i c l e  and a r e  intended t o  
meet t h e  requirements  of GSFC Document S-320-S-1, 
"General Environmental T e s t  S p e c i f i c a t i o n  f o r  
Spacecraf t  and Components Using Launch Environ- 
ments Dic ta ted  by  Scout FW-4 and Scout X-258 
Launch Vehicles" da ted  May 20, 1966. 

should be kept below 500 pole-cm. 
Magnetism: Residual  magnetic moment of experiment 

30 



TABLE I 

QUALIFICATION LEVEL VIBRATION SPECIFICATIONS 

RANDOM - 4 MINUTES EACH AXIS 

Frequency (Hz) 

Thrust  Axis 20-50 
50-100 

100-150 
150-370 
370-2000 

Power S p e c t r a l  - D e n s i t y  (g2/Hz) 

0 .1  

1 .0  

0.07 

I n c r e a s e s  a t  10 db per  oc tave  

Decreases a t  10 db per  octave 

L a t e r a l  Axes 20-40 I n c r e a s e s  a t  10 db pe r  octave 
40-150 1 .0  

150-370 Decreases a t  10 db per  octave 
370-2000 0.07 

SINUSOIDAL - 2 OCTAVES PER MINUTE 

Frequency (Hz) Acce lera t ion  

Thrust  Axis 20-95 0.187 inches  
Double Amplitude 

95-175 40 
175-250 30 
250-400 15 
400-2000 7 .5  

L a t e r a l  Axes 15-36 

36-200 
200-400 
400-2000 

0.13 inch 
Double Amplitude 

8 
5 
7 .5  
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SPECIAL SAS REQUIREMENTS 

I n  des ign ing  experiments  t o  be flown on t h e  Small 
Astronomy S a t e l l i t e  (SAS), i n  g e n e r a l  t h e  requi rements  of 
NPC 200-2 "Quality Program P r o v i s i o n s  f o r  Space System 
Cont rac tors"  da ted  A p r i l  1962 must be m e t .  I n  a d d i t i o n ,  
p a r t s  and m a t e r i a l s  w i l l  conform t o  t h e  cu r ren t  GSFC 
P r e f e r r e d  P a r t s  L i s t .  While s p e c i f i c  d e t a i l s  have t o  be 
worked out  f o r  each experiment ,  t h i s  list is provided 
f o r  guidance. 

PARTS SCREEN1 NG 

I n  g e n e r a l ,  p a r t s  s c reen ing  w i l l  be a s  desc r ibed  i n  
t h e  c u r r e n t  GSFC P r e f e r r e d  P a r t s  L i s t .  O n l y  h i - r e 1  p a r t s  
w i l l  be used ,  S p e c i f i c a l l y ,  f o r  a l l  semi-conductors,  i . e . ,  
d iodes ,  t r a n s i s t o r s ,  and i n t e g r a t e d  c i r c u i t s ,  t h e  fo l lowing  
sc reen ing  sequence is  r e q u i r e d  a s  a m i n i m u m :  

a .  Visua l  i n s p e c t i o n  b e f o r e  s e a l i n g  
b .  

c .  Cen t r i fuge  
d .  E l e c t r i c a l  t e s t  wi th  v a r i a b l e s  d a t a  recorded 
e.  

f .  E l e c t r i c a l  t es t  with v a r i a b l e s  da t a  recorded.  

Temperature c y c l i n g  -65OC t o  maximum r a t e d  
s t o r a g e  temperature  

336 (k36) hours  burn-in a t  100°C and 80% of p a r t  
r a t e d  power 

P a r t s  w i l l  be r e j e c t e d  i f  o u t s i d e  of accep tab le  
v a r i a b l e s  l i m i t s ,  

g. Fine and g r o s s  l e a k  tests 
h .  F i n a l  i n s p e c t i o n  

A l l  p a r t s  must be approved by GSFC be fo re  they  
used ,  L i s t s  must c o n t a i n  t h e  fo l lowing  informat ion  
minimum : 

can be 
a s  a 

a .  
b .  
C .  

d .  
e. 

f .  

Type of component 
Value and r a t i n g  
Manufacturer 
Manufac turer ' s  t ype  and model 
Manufac turer ' s  s c reen ing  p rocess  spec f i c a - i o n s  
t o  which p a r t  is be ing  bought 
Maximum a n t i c i p a t e d  e l e c t r i c a l  stress l e v e l  
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REVIEWS 

A des ign  review,  a pro to type  r e a d i n e s s  review, and a 
f l i g h t  u n i t  r e a d i n e s s  review w i l l  be  he ld  on each expe r i -  
ment and t h e  s p a c e c r a f t .  Malfunct ion r e p o r t i n g  and 
c o n f i g u r a t i o n  c o n t r o l  w i l l  be implemented a f t e r  des ign  rl 

review and p r i o r  t o  t h e  beginning of pro to type  f a b r i c a t i o n .  

RELI AB1 LI  TY ASSESSMENT 

performed by t h e  experiment c o n t r a c t o r .  

NOISE AND TRANSIENT PROTECTION 
If t h e  experiment r e q u i r e s  t h e  use  of any high 

v o l t a g e s ,  t h e  experimenter  must provide p r o t e c t i o n  for 
t h e  experiment and t h e  s p a c e c r a f t  systems a g a i n s t  h igh  
v o l t a g e  s u r g e s  or r a d i a t e d  pu l ses .  The experiment must 
be designed t o  be i n s e n s i t i v e  t o  n o i s e ,  e .g . ,  t h a t  gener- 
a t e d  by  c lock  p u l s e s  or dc/dc c o n v e r t e r  t r a n s i e n t s ,  and 
is r e s p o n s i b l e  f o r  t h e  e l i m i n a t i o n  of unnecessary t r a n -  
s i e n t s  and n o i s e  from h i s  l i n e s  by means of s u i t a b l e  
f i l ters,  s h i e l d i n g ,  or other means. 

A r e l i a b i l i t y  assessment of t h e  experiment w i l l  be 

-- 

Open and Shor t  C i r c u i t  Outputs :  If opening t h e  TM 
ou tpu t  would develop a l a r g e  v o l t a g e  su rge  t o  t h e  mul t i -  
p l exe r  i npu t  ( g r e a t e r  t h a n  a factor  of two over  nominal),  
t h e  ou tpu t  s h a l l  be p a r a l l e l e d  w i t h  p r o t e c t i v e  c i r c u i t s  
(Zener d iode ) .  I s o l a t i o n  s h a l l  be provided from t h e  sub- 
system monitor ing c i r c u i t s  i n  case of t e l e m e t r y  s h o r t i n g .  

Power Line T r a n s i e n t s :  Curren t  t r a n s i e n t s  i n  t h e  
main  power l i n e  t o  t h e  experiment must n o t  exceed a 
cur ren t - t ime p r o f i l e  o f :  

C u r  r e n t  
4a. 

Time - 
0-5 ,US 

1.75a. 5 p s  - 0 . 1  sec. 
(normal) 1. O a  a f t e r  0 . 1  sec. 

cp 

c 
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